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Modulation of glioma cell migration and invasion using Cl(-) and K(+) i 
channel blockers. 

Soroceanu'L; Manning T J Jr; Sontheimer H 

Department of Neurobiology, The University of Alabama at Birmingham, 



Birmingham, Alabama 35294-0021, USA. 
NC NS36692 (NINDS) ^ 
SO JOURNAL OF NEURC^IeNCE, (1999 Jul 15) 19 (14) 59^^54. 

Journal code: JDF. ISSN: 0270-6474. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199910 

EW 19991001 

AB Human malignant gliomas are highly invasive tumors. Mechanisms 

that allow glioma cells to disseminate, migrating through the narrow 
extracellular brain spaces are poorly understood. We recently 

demonstrated 

expression of large voltage-dependent chloride (Cl(-)) currents, 

selectively expressed by human glioma cells in vitro and in situ (Ullrich 

et al., 1998). Currents are sensitive to several Cl(-) channel blockers, 

including chlorotoxin (Ctx) , (Ullrich and Sontheimer; 1996; 

Ullrich et al; 1996), tetraethylammonium chloride (TEA), and tamoxifen 

(Ransom and Sontheimer, 1998) . Using Transwell migration assays, we show 

that blockade of glioma Cl(-) channels specifically inhibits tumor 

cell migration in a dose-dependent manner. Ctx (5 microM) , tamoxifen (10 

microM) , and TEA (1 mM) also prevented invasion of human glioma cells 

into 

fetal rat brain aggregates, used as an in vitro model to assess 
tumor invasiveness. Anion replacement studies suggest that 

permeation of chloride ions through glioma chloride channel is obligatory 
for cell migration. Osmotically induced cell swelling and subsequent 
regulatory volume decrease (RVD) in cultured glioma cells were reversibly 
prevented by 1 mM TEA, 10 microM tamoxifen, and irreversibly blocked by 5 
microM Ctx added to the hypotonic media. Cl(-) fluxes associated with 
adaptive shape changes elicited by cell swelling and RVD in glioma cells 
were inhibited by 5 microM Ctx, 10 microM tamoxifen, and 1 mM TEA, as 
determined using the CI (-) -sensitive fluorescent dye 6-methoxy-N- 
ethylquinolinium iodide. Collectively, these data suggest that chloride 
channels in glioma cells may enable tumor invasiveness, 

presumably by facilitating cell shape and cell volume changes that are 
more conducive to migration and invasion. 
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AB Gliomas are primary brain tumors that arise from differentiated 

glial cells through a poorly understood malignant transformation. 
Although 

glioma cells retain some genetic and antigenic features common to glial 
cells, they show a remarkable degree of antigenic heterogeneity and 
variable mutations in their genome. Glioma cells have recently been shown 
to express a glioma-specif ic chloride ion channel (GCC) that is sensitive 
to chlorotoxin (CTX), a small peptide purified from Leiurus 
quinquestriatus scorpion venom [N. Ullrich et al, Neuroreport, 7: 



1020-1024, 1996/ and N. Ullrich and H. Sontheimer, Am. J. Physiol. {Cell 
Physiol.), 270: AM11-C1521, 1996]. Using native Md recombinant 
1251-labeled CT>^^e show that toxin binding to cArna cells is specific 
and involves high affinity [dissociation constant^^Cd) =4 . 2 nM] and low 
affinity (Kd=660 nml) binding sites. In radioreceptor assays, 
1251-labeled 

CTX binds to a protein with Mr=72,000, presumably GCC or a receptor that 
modulates GCC activity. In vivo targeting and biodistribution experiments 
were obtained using 1251- and ( 131) I-labeled CTX injected into severe 
combined immunodef icient mice bearing xenografted gliomas. CTX 
selectively 

accumulated in the brain of tumor-bearing mice with calculated 

brain: muscle ratios of 36.4% of injected dose/g (ID/g), as compared to 

12.4% ID/g in control animals. In the tumor-bearing severe 

combined immunodef icient mice, the vast majority of the brain-associated 

radioactivity was localized within the tumor (tumor 

:muscle ratio, 39.13% ID/g; contralateral brain:muscle ratio, 6.68%ID/g). 
Moreover, ( 131 ) I-labeled CTX distribution, visualized through in vivo 
imaging by gamma ray camera scans, demonstrates specific and persistent 
intratumoral localization of the radioactive ligand. Immunohistochemical 
studies using biotinylated and f luorescently tagged CTX show highly 
selective staining of glioma cells in vitro, in situ, and in sections of 
patient biopsies. Comparison tissues including normal human brain, 
kidney, 

and colon were consistently negative for CTX immunostaining . These data 
suggest that CTX and CTX-conj ugated molecules may serve as 
glioma- specific 

markers with diagnostic and therapeutic potential. 
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TI Expression of voltage-activated chloride currents in acute slices of 
human 

gliomas . 

AU Ullrich N; Bordey A; Gillespie G Y; Sontheimer H 

CS Department of Neurobiology, University of Alabama at Birmingham, 35294, 
USA. 
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AB Using whole-cell patch-clamp recordings, we identified a novel 

voltage-activated chloride current that was selectively expressed in 
glioma cells from 23 patient biopsies. Chloride currents were identified 
in 64% of glioma cells studied in acute slices of nine patient biopsies. 
These derived from gliomas of various pathological grades. In addition, 
98% of cells acutely isolated or in short-term culture from 23 patients 
diagnosed with gliomas showed chloride current expression. These 

currents, 

which we termed glioma chloride currents activated at potentials >45 mV, 
showed pronounced outward rectification, and were sensitive to bath 
application of the' presumed CI- channel specific peptide 
chlorotoxin (approximately 600 nM) derived from Leiurus scorpion 
venom. Interestingly, low grade tumours (e.g., pilocytic astrocytomas), 
containing more differentiated, astrocyte-like cells showed expression of 
glioma chloride currents in concert with voltage-activated sodium and 
potassium currents also seen in normal astrocytes. By contrast, high 

grade 



tumours (e.g., glioblastoma multiforme) expressed almost exclusively 
chloride current^^ suggesting a gradual loss of Na+ currents and gain of 
CI- currents wit^Plncr easing pathological tumour ^Aide. To expand on the 
observation that these chloride currents are gliom^-specif ic, we 
introduced experimental tumours in scid mice by intracranial injection of 
D54MG glioma cells and subsequently recorded from tumour cells and 
adjacent normal glial cells in acute slices. We consistently observed 
expression of chlorotoxin-sensitive chloride channels in 
implanted glioma cells, but without evidence for expression of chloride 
channels in surrounding "normal" host glial cells, suggesting that these 
chloride channels are probably a glioma-specif ic feature. Finding of this 
novel glioma specific CI- channel in gliomas in situ and it's selective 
binding of chlorotoxin may provide a way to identify or target 
glioma cells in the future. 
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WO 1996-US20403 19961227 
AB The present invention relates generally to the fields of cell physiol., 

neurol. and neuro-oncol. More specifically, the present invention 
relates 

to a novel method of detection of the membrane protein "glioma chloride 
channel" for use as a specific tumor marker for the diagnosis 
and treatment of gliomas and meningiomas. The invention describes the 
expression of this chloride conductance with unique properties that 
selectively characterizes tumor-derived cells of glial origin. 
Whole-cell patch-clamp techniques were used to characterize the biophys . 
and Pharmacol, properties of chloride channels in primary cultures and 
acutely isolated cells from biopsies of human astrocytomas and 
established 

cell lines. 
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AN 97:781387 SCISEARCH 
GA The Genuine Article (R) Number: YB153 

TI Cell cycle-dependent expression of a glioma-specif ic chloride current: 

proposed link to cytoskeletal changes 
AU Ullrich N; Sontheimer H (Reprint) 

CS UNIV ALABAMA, DEPT NEUROBIOL, 1719 6TH AVE S, CIRC RM 545, BIRMINGHAM, AL 

35294 (Reprint); UNIV ALABAMA, DEPT NEUROBIOL, BIRMINGHAM, AL 35294 
CYA USA 

SO AMERICAN JOURNAL OF PHYSIOLOGY-CELL PHYSIOLOGY, (OCT 1997) Vol. 42, No. 
4, 

pp. C1290-C1297. 

Publisher: AMER PHYSIOLOGICAL SOC, 9650 ROCKVILLE PIKE, BETHESDA, MD 
20814. 

ISSN: 0363-6143. 
DT Article; Journal 
FS LIFE 
LA English 

REC Reference Count: 38 

^ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 

AB We recently demonstrated expression of a novel, glioma-specif ic Cl- 

current in glial-derived tumor cells (gliomas), including stable 
cell lines such as STTG1, derived from a human anaplastic astrocytoma. We 
used STTG1 cells to study whether glioma CI- channel (GCC) activity is 
regulated during cell cycle progression. Cells were arrested in defined 
stages of cell cycle (G(0), G(l), G(l)/S, S, and M phases) using serum 
starvation, mevastatin, hydroxyurea, demecolcine, and cytosine 
beta-D-arabinofuranoside . Cell cycle arrest was confirmed by measuring 
[H-3] thymidine incorporation and by DNA flow cytometry. Using whole cell 
patch-clamp recordings, we demonstrate differential changes in GCC 
activity after cell proliferation and cell cycle progression was 
selectively altered; specifically, channel expression was low in 
serum-starved, G ( 0 ) -arrested cells, increased significantly in early 

G(l), 

decreased during S phase, and increased after arrest in M phase. Although 
the Link between the cell cycle and GCC activity is not yet clear, we 
speculate that GCCs are Linked to the cytoskeleton and that cytoskeletal 
rearrangements associated with cell division lead to the observed changes 
in channel activity. Consistent with this hypothesis, we demonstrate the 
activation of GCC by disruption of F-actin using cytochalasin D or 
osmotic 

cell swelling. 
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AB Expression of voltage-activated ion channels was studied in primary 
cultures from seven freshly resected human primary brain tumors 



by 



47% 



CI 



and in an established human astrocytoma cell line, STTG1 . Astrocytoma 
cells consistent^^ expressed voltage-dependent outwardly rectifying 
currents. Curren^P activated at potentials > 45 i^Bknd showed outward 
transients on termination of voltage steps. Currents reversed at the CI 
equilibrium potential, suggesting that they were largely carried by C1-. 
Altering extracellular K- or Na+ concentration did not alter currents; 
neither did replacement of intracellular K+ by Cs+ or intracellular Na+ 

N-methyl-D-glucosamine . Anion-substitution experiments suggest the 
following permeability sequence, determined from shifts in tail current 
reversal potential: I- > N03- > Br- > CI- > acetate > isethionate > F- > 
glutamate. Currents were sensitive to the CI- channel blockers 
chlorotoxin, 4, 4 1 -diisothiocyanost ilbene-2 , 2 1 -disulfonic acid 
(DIDS), and 4 , 4 1 -dinitrostilbene-2 , 2 ' disulfonic acid (DNDS), with 
chlorotoxin being most effective, yielding > 80% block at 590 nM. 
DIDS (100 microM) and DNDS (100 microM) reduced currents by 33.5 and 
38.2%, respectively. Currents were also sensitive to Zn2+ (100 microM, 

block) and Cd2- (25 microM, 42% block) . Reducing extracellular Ca2+ 
concentration decreased outward currents by 58% and almost completely 
eliminated transients, suggesting that CI- currents are Ca2 + dependent. 

channel block resulted in altered cell proliferation as determined by 
[3H] thymidine incorporation, suggesting that these channels may be 
involved in astrocytoma growth control. 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB Expression of voltage-activated ion channels was studied in primary 

cultures from seven freshly resected human primary brain tumors 
and in an established human astrocytoma cell line, STTG1 . Astrocytoma 
cells consistently expressed voltage-dependent outwardly rectifying 
currents. Currents activated at potentials >45 mV and showed outward 
transients on termination of voltage steps. Currents reversed at the Cl- 
equilibrium potential, suggesting that they were largely carried by C1-. 
Altering extracellular K+ or Na+ concentration did not alter currents; 
neither did replacement of intracellular K+ by Cs+ or intracellular Na+ 



by 



N-methyl-D-glucosamine. Anion-substitution experiments suggest the 
following permeability sequence, determined from shifts in tail current 
reversal potential: I- > N03- > Br- > CI- > acetate > isethionate > F- > 
glutamate. Currents were sensitive to the CI- channel blockers 
chlorotoxin, 4,4' -diisothiocyanost ilbene-2 , 2 1 -disulfonic acid 
(DIDS), and 4 , 4 1 -dinitrostilbene-2 , 2 1 disulfonic acid (DNDS), with 
chlorotoxin being most effective, yielding >80% block at 590 nM. 
DIDS (100 mu M) and DNDS (100 mu M) reduced currents by 33.5 and 38.2%, 
respectively. Currents were also sensitive to Zn2+ (100 mu M, 47% block) 
and Cd2+ (25 mu M, 42% block) . Reducing extracellular Ca2+ concentration 



decreased outward currents by 58% and almost completely eliminated 
transients, sug^fcing that CI- currents are Ca2+^^pendent . CI- channel 
block resulted i^Kltered cell proliferation as d^P^rmined by 

[H-3] thymidine incorporation, suggesting that these channels may be 
involved in astrocytoma growth control. 
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TI Human astrocytoma cells express a unique chloride current. 
AU Ullrich N; Gillespie G Y; Sontheimer H 
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AB Human astrocytoma cells were studied using whole-cell patch-clamp 

recording. Voltage-dependent outwardly-rectifying anion currents were 
identified in primary cultures of six freshly resected human brain 
tumors and in seven established anaplastic 

astrocytoma/glioblastoma cell lines (U251MG, CH235MG, U373MG, U105MG, 
D54MG, SK-MG-1, and STTG1) . Anion currents were not observed in normal, 
non-neoplastic glial cells, nor in human tumor- derived cells of 
non-glial origin (melanoma, breast cancer, neuroblastoma, 
rhabdomyosarcoma) . Currents activated at potentials > 50 mV and showed 
large transients upon termination of voltage steps. Currents reversed at 
the predicted equilibrium potential for chloride ions and could also be 
recorded when CI- was replaced by F-, Br- or I-. Currents were inhibited 
by the CI- channel blockers chlorotoxin, DIDS, and DNDS . These 
CI- currents may play a role in the growth control of astrocytoma cells. 
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AB Human astrocytoma cells were studied using whole-cell patch-clamp 

recording. Voltage-dependent outwardly-rectifying anion currents were 
identified in primary cultures of six freshly resected human brain 
tumors and in seven established anaplastic 

astrocytoma/glioblastoma cell lines (U251MG, CH235MG, U373MG, U105MG, 
D54MG, SK-MG-1, and STTG1) . Anion currents were not observed in normal, 
non-neoplastic glial cells, nor in human tumor-derived cells of 
non-glial origin (melanoma, breast cancer, neuroblastoma, 
rhabdomyosarcoma). Currents activated at potentials > 50 mV and showed 



large transients upon termination of voltage steps. Currents reversed at 
the predicted eqA^ibrium potential for chloride ^^is and could also be 
recorded when Cl^^as replaced by Br- or I-. ^Brrents were inhibited 

by the CI- channel blockers chlorotoxin, DIDS, and DNDS . These 
CI- currents may play a role in the growth control of astrocytoma cells. 
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